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ABSTRACT 

A student-computer dialog for teaching a mathematical 
proof proved effective when tested in two university physics courses. 
The objective was to make the beginning or intermediate physics 
student an active participant in the development of the proof, which 
concerned the conservation of mechanical energy for a mass moving in 
one dimension and subject to a force that depends only on position. A 
suitable computer flow chart was written, then the program was tested 
in two university settings and feedback was sought from students. The 
few problems encountered concerned computer terminology and student 
choice patterns. Thus the student- computer dialog seems useful in 
teaching mathematical derivations, the staple of many science 
courses. (RB) 
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Physics, mathematics, and other science courses, use the mathematical 
derivation or proof of a result, starting from some other theorem or 
physical principle, as a staple of such courses at the beginning, 
intermediate, and advanced levels. Such derivations often constitute 
the main portions of lectures and textbooks; in a mathematics course 
they may constitute the entire course. 

A derivation can serve several purposes. First, a particular result 
is needed, often an important result useful to the student in future 
work. Secondly, as teachers, some of us are eager to show that 
classical physics can be developed as a well-constructed logical net, 
and that austere beginnings can yield powerful results. A third 
and perhaps more important reason for derivations in physics courses 
is that we hope to teach students the "art" of deriving physical 
results. A complicated derivation often involves much trial and error. 
We want to help students become sophisticated at deriving results. 
Teaching the techniques of proof is one of the most important goals 
of physics courses, and it is one of the hardest goals to accomplish. 
(George Polya’s How to Solve It is one attempt to teach this art.) 

Many teachers have heard the archetypal student’s comment on a com- 
plicated proof presented in lecture- The student announces that 
he could follow the proof, but he does not feel he could find the 
derivation himself! This hardly surprises the teacher, who may not, 
on first encountering the problem, have produced the derivation as 
facilely as he duplicated it in lecture. But not realizing that 
everyone gropes initially, the student feels insecure because he 
cannot generate quickly such a smooth and elegant proof. (It could 
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be argued that the less polished lecturer might provide better insight 
as to how proofs are developed than the person who carefully prepares 
and rehearses an elegant derivation.) 

The Energy Conservation Dialogue 

The computer dialogue described here is designed to make the student 
an active participant in the development of the proof , to let them 
take at least some of the steps along the way on their own. Some of 
these steps can be large, while others will be relatively small. At 
worst, the dialogue corresponds to something like the lecture situation , 
where the student is told the proof; however, he probably receives 
more detail than in lecture, through the remedial sequences in the 
dialogue. 

The dialogue develops a proof of the conservation of mechanical 
energy for a mass moving in one-dimension and subject to a force that 
spends only on the position. The proof starts with the law of 
motion? we multiply by the velocity and write the resulting equation 
10 in the form 

(something) =0. 

In the process of the proof we introduce the concept of potential 
energy as the quantity whose negative spatial derivative is the force , 
and the student is asked to enter the potential energy and total energy 
for several different forces. 

The first flow chart shows the general form of the dialogue, the 
second shows greater detail in one section, and the third is a page 
from the full flow chart. 
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Development 

The development of computer dialogues as a self -instructional resource 
is still relatively new, so a description of the process we followed 
may be of some interest. First we discussed which areas and approaches 
in physics might lend themselves to an effective computer- student 
conversation. Then we decided to pursue two dialogues, the one 
discussed here and another involving simulation in the study of 
plane electromagnetic radiation (a dialogue still under development) . 

The energy conservation proof was developed first as a flow chart 
showing what is typed to students, the expected responses, and the 
actions in each case. The two of us spent approximately three days 
working tpgether on the flow chart, with occasional assistance from 
a student and a secretary. We did not use standard flow chart con- 
ventions - 

The flow chart approach was appealing for a number of reasons. We 
were working at the University of California, Irvine, where a change 
was under way in computer facilities and no local computer was 
available. We were very concerned with the question of spreadabil ity 
of such material. Computer dialogues have often existed only as com- 
puter programs in specialized languages, not usable, outside the environ- 
ment in which they were developed! The simplified flow chart seems 
a reasonable approach to developing computer conversations in a 
language-independent form. Furthermore we felt that pedagogical 
details should come first: we decided what we wanted to do, knowing 

something about the potentialities of the computer, before putting 
ourselves into the straight-jacket of a particular set of computer 
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languages and facilities. We feel that successful use of the computer 
in education demands that learning details have priority over computer 
software details. In addition the flow chart furnishes a view of the 
dialogue to a teacher who is considering it 3 use in his classroom^ 

We sent the flow chart to friends for comments and suggestions. 
Particularly useful criticisms came from Edward Lambe, of the State 
University of New York at Stony Brook, and Kenneth Ford, of the 
University of California, Irvine. Students within the project also 
suggested improvement* 

Implementation 

After a brief time together working on the dialogue we returned 
to our respective institutions and proceeded to implement and use 
the dialogue on local timesharing facilities. 
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At the University of Michigan the dialogue was implemented in an 
existing FORTRAN-based conversational computer language, FOIL, 
developed by Karl 2 inn and others at Michigan and running under the 
Michigan Timesharing System for the IBM 360/67. This language has 
since been superceded and the program will be rewritten. The original 
FOIL version is still in use. 

The development of the dialogue as a computer program at the 
University of California, Irvine proceeded differently. The charge 
in computer facilities at Irvine provided an XDS SIGMA 7, with little 
directly applicable software. Hence, development had to proceed in 
two parallel directions, generating facilities for student dialogues 



and developing the dialogue itself. The language facilities were 
developed as quickly as possible for the energy conservation program 
so as to allow easy extension to the electromagnetic simulation dialogue 
mentioned above. The dialogue facilities were developed as SIGMA 7 
assembly language macros "procedures , " making it easy to extend and 
modify the language for new uses. The macros were oriented toward 
professors a_:d secretaries who are not experienced programmers. A 
current description of this system, with examples of usage, is 
available; it has proved to be flexible to changing needs, and is now 
being used by others also. 

The secretary helped greatly in preparing the dialogue. Those 
acquainted with computer dialogues will realize that even an elemen- 
tary dialogue entails a vast amount of typing. Experienced typists 
should do this typing. Hence we taught the secretary to type at the 
terminal , directly from the flow chart, the macros which constitute 
the final program. Only a short amount of instruction was necessary. 

The secretary cannot handle all details, and she was instructed to 
enter a row of asterisks when she was uncertain about what to type. 
Several secretaries at Irvine have been successfully trained in this 
procedure! The students who worked on the program after could easily 
recrgnize points marked by the secretary for further editing. The 
secretary worked at the terminal typing directly into a disk file; no 
cards were punched. The normal editing facilities of the computer were 
used to modify the program, by both the secretary and the student 
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The first running version of the dialogue was available in January. 

This program was informally tested within the project and by colleagues 
in the physics department, whose useful suggestions we were able to 
incorporate. It was used with 150 science and engineering students 
at University of California, Irvine, in the first quarter of a five 
quarter introductory course. It was also used by a group of University 
of California, Berkeley students in a similar class taught by 
Richard Ballard, through the University of California tie-line 
facilities. A section of student use follows; student inputs follow 
the question marks at the start of the line. 
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Feedback 

Two types of feedback were obtained at Irvine, using questionnaires 
and selective storage of student responses on the disk- The question- 
naire showed that the average time at the terminal was 58 minutes; 
about 15 or 20 minutes is required by a knowledgeable student. Most 
students completed the material in one section (the dialogue offered 
a restart facility if the student did not complete the program) . The 
students could use either Model 33 teletypes or Datapoint 3300 alpha- 
numeric CRT. Students preferred the Model 33 over the Datapoint, 
because the previous responses were often useful to them, and they 
were only available in the hardcopy printing of the Model 33. (Neither 
terminal is ideal for student use.) We also queried students on a 
stylistic aspect of the program. We chose the grammatical first person 
in addressing for the computer to use students- Some of our con- 
sultants objectsd, but student response was overwhelmingly favorable 
toward the first person style. Perhaps it alleviates the feeling 
that computers are at best impersonal; such a style may tend to humanize 
the computer* In spite of the problems to be mentioned next, two-thirds 
of the students who used the program claimed to enjoy it. 

Some difficulties quickly developed with our new programming system, 
and it was not surprising that the^ showed up in th£ student survey. 

Our testing had proceeded with only one user; when many students were 
simultaneously using the system, conflicts not provided for arose in 
use of the files- Some users were bounced out of the program, or 
received unintelligible error messages* Some students complained that 
the questions were vague or hard, and some also complained, sometimes 
justifiably, that the computer did not accept correct answers. The 
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